S

2

BE R VAT A FEFE RSB SR . B R AR E R R 2, AR R
AR B R, R SR, RIEBZARBEEZMIEZE . A#8ZEH
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VB FH B D BTE 1 B J & s v AN B, ARG T2 ARSI D R o e e B 2 2%
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RS, . S, AR C XEYRA S G ELENE, EniVE S E
B, ULEX MRS R AE MRS PUEAE TR R . RN, WR4E i R
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0.03%-0.15%.
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ALE P Fru-Asp 55 Amadori (LAY 715 TEKAEAR R LR A 20K B4 36 0 45
WA S, TE3E M pH H N RBL, FIH Dowex S0WX4 &AL & A 5 7 25
aifh, FRAETERNAME T, 5388 A Fru-Asp M. #—Fo8Eka5a
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%, MBELE S Fru-Asp (540 Amadori LA YIH 47.8%-56.7%. [FIBT A FHEYR 5-
HMF FI R B (PRSI 7 v, NS IR A B8 R A
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B (LPS) -5/ BN 52 50 4, 4524 Fru-Asp AT LARAR /)N BRI 7K SR B A /b
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Pear syrup is a traditional Chinese medicine prescription made from pear juice as the main
raw material and boiled for a long time at high temperature. It is considered to have better cough
relieving, expectorant, lung moistening, and other effects than pear juice. It is a commonly used
ointment in many households. However, up to now, the process of making pear syrup is only
controlled by the experience of the master, with greater randomness. The key active ingredients
and content of pear syrup which play the role of relieving cough and moistening lung are still
mysterious, and there are fewer studies on optimizing the boiling process to increase the
efficacy of ingredients. Considering that pear juice contains relatively high concentration of
reducing sugars and amino acids, the operating conditions during pear syrup steaming period,
especially in the later period, meet the requirements of Maillard reaction, we speculate that the
initial products of Maillard reaction may be formed during pear syrup heating process (mainly
Fru-Asp[N-(1-deoxy-D-fructose-1-yl) aspartic acid], the dominant amino acid in pear juice).
Therefore, this study systematically carried out preparation, separation and purification of Fru-
Asp and structure identification, and established detection methods for Amadori compounds
such as Fru-Asp in pear syrup. The evaluation of cough relieving and lung moistening by Fru-
Asp and the precise control of pear syrup boiling technology (to improve Fru-Asp). The main
research contents and conclusions are as follows:

(1) The content of nutritional composition and antioxidant activities in pear syrup during
steaming period was studied. The results showed that there were reducing sugars, amino acids,
flavonoids, total phenols, vitamin C and other chemical components in pear, and the antioxidant
capacity showed an increasing trend during the concentration process. Flavonoids, total phenols
and vitamin C showed a downward trend, which indicated that these components were not the
factors for the enhancement of antioxidant activity of pear syrup after heating. The content of
reducing sugar and protein decreased, and the content of Amadori compound and 5-HMF
increased continuously, indicating that Maillard reaction occurred during the heating process,
and the reaction products contributed to the antioxidant capacity of pear syrup. The content of
Amadori compounds accounted for about 0.62% to 1.38% of the dry weight of pear syrup,
while flavonoids accounted for 0.01% to 0.09% and total phenol accounted for about 0.03% to
0.15%.

(2) Preparation, separation and purification of Fru-Asp, and verification of its chemical
structure in the simulated state. On this basis, the detection method of Amadori compounds

such as Fru-Asp in pear syrup was established. In aqueous system, aspartic acid potassium salt
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and glucose were used as reactants at ambient temperature and pH value. Dowex 50WX4
Hydrogen ion exchange resin was used to separate and purify, and hydrogen ion replaced
potassium ion to obtain the eluent containing Fru-Asp. After further analysis, the eluent
containing only Fru-Asp was freeze-dried to obtain solid powder, and then the structure was
characterized. The results showed that Fru-Asp was successfully synthesized in aqueous system
with a yield of 38.58%. Its purity and structure were identified by UPLC-Q-TOF-MS and NMR.
The purity reached 96% and was determined to be Fru-Asp, that is, N-(1-deoxy-D-fructose-1-
yl) aspartic acid (Ci1oH17NO9, MW: 295). Based on the 12 Amadori compounds synthesized by
our research group, 13 Amadori compound detection methods were established. The results
showed that Fru-Asp in pear syrup accounted for 47.8%-56.7% of the total Amadori compounds.
Meanwhile, the determination methods of 5-HMF and acrylamide were established.
Acrylamide was not detected in pear syrup.

(3) The antioxidant activity, angiotensin converting enzyme (ACE) inhibitory activity,
cough relieving ability and lung inflammation relieving ability of Fru-Asp. The results showed
that Fru-Asp had certain free radical scavenging capacity, oxidative radical absorption capacity
and reducing capacity. The antioxidant capacity was positively correlated with Fru-Asp
concentration at 0-10 mg/mL. When concentration of Fru-Asp was 0.245 mM, the inhibition
rate of ACE was 50%, indicating that Fru-Asp had the potential to inhibit ACE activity. Fru-
Asp could prolong the cough latency of mice induced by ammonia water and reduce the number
of coughs within 2 min. In the experiment of LPS induced acute lung injury in mice, Fru-Asp
can reduce the degree of pulmonary edema and the secretion of inflammatory factors. These
results indicated that Fru-Asp has antitussive effect and ability to alleviate lung inflammation.

(4) Process control of pear syrup: To enrich beneficial Amadori compounds and reduce
potentially harmful 5-HMF in pear syrup, single factor experiment and orthogonal experiment
were conducted to investigate the effects of water activity, temperature and time on pear syrup
processing. The results showed that the optimal process was water activity 0.747, temperature
90°C, time 5 h, the total amount of Amadori compound was 13.31 mg/g, the content of 5S-HMF
was 1.53 mg/100 g. Compared with other commercial pear syrup, self-made pear syrup had
significantly higher content of Amadori compounds and antioxidant capacity, and content of 5-
HMF was lower. There was no significant difference in sensory quality. In addition, self-made
pear syrup could significantly prolong the cough latency, reduce the cough times, and increase
the amount of phenol red excretion. It showed that the self-made pear syrup has the effects of
relieving cough and resolving phlegm.

Keywords: pear syrup, Amadori compounds, Fru-Asp, antiussive and moisten the lungs,

process regulation
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i 1A JEL AR HR AR
AAPH 2,2'-Azobis(2-methylpropionamide) 22EE R T K R
dihydrochloride %
ABTS 2,2'-Azinobis-(3-ethylbenzthiazoline-6- 2, 2'-BE (- -3- £, Fk % FF I5E 4
sulphonate) bk -6-Tikk i
ACE Angiotensin converting enzyme I8 7k 2R A
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956 fRACE, B 100 g LIRS EAR 0.12-09g, g 0.1g-03g, BRAKLEY 10.6 -
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SR AR FRSY R ANRAEBRY RN, g LErd, LA R, S5
B MY 2% CPEEYRD RARERRD) SRR R 8 18 IR A & EE A K,
EHTHIERE LA TR AL 8 B o & A 4.

AERAZE M. EIE. BREE T2 THERN, "rEPEEEYIEE] 70%00 F.
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AR RIS R AR e AR SN, SRR AL i TR RE U . BRI ALE i Tt AR
t, BT EAE MR S E A SR, B AR DIRER;, WS R S N
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THARHERLE RERH 5 E>100 mg/kg, FEEARMEME JRLRIR=10 me/kg, FEXTEZRY)
JRAESR AR T4, WARE N LR B 2 Y =105, B AALE B0E PR i n]
REALE T 2 R mhop B S TR B

® 1-1 e RO RALE I BAL TR bR

Tab. 1-1 Physical and chemical indexes of pear juice and pear syrup in the standard

T H ET R
A EE )
SN >11.0 >70
Qo°CHtIEI) 1 (%)
SR (DATEIR T / (g/100 g) >0.1 0.3-2.0
M5/ (mg/kg) HE BLFE>100 & L2510
L1253 ET R

AT DR MERIR T IR AL R e IRy, AP E S AR, B E AW
KW, WIFE LR RIS, RS IHRYIEK S H A B, WiETEERSEH
Hy 3% HAT BOR AL RE 0, AT AE el BORH b 20 24 b S84 S 2 R R AT, A AR 3R
CHAAPEAMNE, RWFGTHAPREMIEN . RAEEHIRM, SRR
RIR. B-77 I FEHCRIR DLW MEADURIEM, X H 2R 3/ A PE ik
M. Rrp e e B A BRRIM . S 57 5T, HRANT S KERZ,
RAE DRI o & B

BE R ML G B BEr VRN IERZ T AR dh Al =S TIZ N, iR
Z0aZg, BRI A, IR HIRGERG . ZUE AU TR 2R R, IR A
TR SR RETYI, ShRGR TR0, IEREMRAH A R L, WA, (K5
RIED) FIRRIRBAT N SR BN, BRERCREL . BT Al )
PSIR I IE 1 ALE P b I RAIR RE T, AR kA NPOSEEL T 2 M ie sh Wk AT SC 5
INRBEATEUK G SR . AR SN SE . YRR SE . FER K SE G, KR
1T BME HR LI AN IS, R BRCR T B ARWh SE36, X K Sdb AT S e, i
RAFZLE B 2. PUR. R “FimIhRe.

1.2 HE R F SRR

ST S5RE R EA R BT G, EAX A E I DR AR REAT IR . P2
WEFLRY], KRR HIN T S R A 2 AL, RIE T IR, BlangEdE R C. 2R
HE N R MM, SR, AR N IR A R AR R 5 AR AR AT T B Ry
SR I ThRE, EAFRR .

1.2.1 BRI B2
IKEIN LI AR A A =P el B (1) H T4 6 B R 7. 24 i = 17 AR A T g
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K ERPUEA S, BEEBOR T IEN R SEE/ZHCRNE YIS, fHE
BRI, BRI RO i AR R F 222 B () B g R E C ORI H AR
KU RHREY, (3) PR EAEE R IR B0 B R A LA IS YRR &),
W B A P A T 1 S h A e R

AEM T FRAREEYE . R, 8. WK%, T RE— TR 4E S A A 2T
RERAY, B — TSR HU RS . Jiang 28 NPOKRE R R, SR L,
WRAE G BT ST A B & 7 B R B PR T 53.11% 0 46.47%, 1 BLRTE RV FE 457
o BT NURBLE S PR g b By . B, 4B R ¢ SETFRYE, FHE

B ByRA ARG ARIRENERZE, AE T REMPIRYE, SRS ERK
[27]
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FCrP A AR A SO S B L L, UG BERERS . SIS N POV I A R R P
Thir, ZORGT IR R S B AR A SR A BN R, HEDN A B T il SR A 2 SR
ST RAERNL FPIEESE MR, BREE ANPOIE B4 LR A
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5530 SRR A A SR A S
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J5RRENE B A1 ) b 2 5 A D AR 535, DR A 00 L 0 e it 3 8 O DL 2
XA R AER, KAEEIZAOR IR, AZOT M TS, XEY L 1
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. B EEFEE R FERAEER, R4 7R, IAEEERERIT K K,
K G P AT, 38 B A 7K i AR B Dy SR A I N ARt T IO SR A o SRR A S N
—MAEE EER . AR T IR O . SE A SN e B 5 2 R
RiFFaG, et 2 M E RN, TR A=A . EHok, RS AR EE
JoR A B R N AR B R, AR TR AR IR, 42 Amadori EAFAE B Amadori (LAY, 4
o= RIVE R EE RN, FHAERERE O, WOFET . B &5, R
A — S A=Y, W . R SRR (5-HMEF) Z6B%. Amadori L& 42 7 5
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ARACTE T, EATTRI 52 O B S B 48 S B SRS I B AR AR M T — AR BRI 4R
b, RZEINTIGRET Amadori (L EVIRIEI, BIWEAG /. BB B
&, Rl B SRR P8 Amadori (b S BA IEARYE . SROKVERRSL, K2 EOEY
SRR AT WSO S A, e OB - R BB R R A R S EE LR, R
N Amadori &IN5 v ST B )2 K — A 5P,

SRR NL X AL B RR L BB LSRR IR R R, T AR AR DA K
PSR tRE, BT R PRERMEAR, #A ALK Amadori (L&, KILE
SELE AR AR 2R Amadori A E YR IIE K59k, 1 HIACE N LI R S 1 S N T
NEE,
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BB REIET R, ARG T2 N MR RCREGRIR, B Bl K&
JErET, BRI R NI, SR KR YE, RIESIAENRIE & BT, N KICE .
AR R E N L EMAELSE, Ik ARG AR IS 26 56 f1sePrigff ke, A4
B T ANSRIERLERE. T AEEAT. K. MRKBERII R PIM R E L S, iR
LR, BB 7RIk, SECE IR R EBURYI, WAL
5-HMF 5. B4R 5-HMF $Esc B —E M DhRett, (HAEGHE N AR AR S .
FUE MBS, X TAE N T L EREU L TEMARKTET, HArFEELLE LR,
B EUE IR N TEAR, WA IR &R E ZERAVE . HoKIgoILl 230y 5ok, DL
B, . AEMEREY SR, AW, EEONIERR, U T ZEEM T, HE
AT 1 AR A X B BRI FE s TR Th e A AR AL AT R AL, R A2 SE R AR = B T
RERITEH

BB IRAG IR R AR LB, 3B SR AL S WS o 98D, AR ORI 36
=y, ERAERTA AR AR RS R, A e M ThER T, TR B
PR TR NG AN 2 SR e IV AF AR P AE S o [RIK A8 n T 3ok 8 e 56 3 o 4 e o 47 T 4%
Fhi R B2 Z MR R, BRRBKIFRZ AN, G R K IEE BE .
pH fH. &EE FEARRERM, EREM Th, aTeUEd s TZS5, 5 hl
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P N R A, BE KM EEZ A 0.5-0.81%), BRMAERLE in Tid Ay, AT LLE P s
LR MMEREYIN BAR, MR B % TS50 7R, AnitaiigmnE.
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T BRI FEATI IR R
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T, HER] R R SR S ) 45 S0 AT BRI, AR TP e BRI OB LE I ek 4
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Amadori fb YR, FRUE L BA —E MAREEN, OFEpEEE. ke, M
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Fe* BA AN, BHA FeMEGRE, N lE A4 . Kenjiro 5 APIFEZK
PRI 7 55 Fru-Arg, FF &8 50 umol/L Fru-Arg 8858 &5 FRIZEH AL, 10 umol
/L OIREENIERR 37%id A, HbrEWE SR MR 2. SR, 27780
Tk 72 Pr A Ak 36 1 38 48 5 Amadori 8 & %) & & B0 B 0 AH < . Mossine Al
Mawhinney® 3L & At ¥y 1 Fru-His R AW & 1, RAMEMNGE L. SHFE
Amadori tb 54 (Fru-Arg, Fru-Met) B8 R FR$E I be AR RFRI& U B B3 3 S i dt
AALae P01, AN, AR Amadori HLA Y Xyl-Phe 7E 0.2-1.2 mg/mL [ B X g
HEAEMEEA, FRG DPPH H . F23EE HAEAEE B+ B G RRE T
601, Feng %% N [OW ) 356 o 488 g 7 A 4 v M 77 it £ 151 7K AR 70 PR 400 0 48 A i M PR 7 £
T3, MR ahoK i S 0 SO IR SR AR P00t N HepG2 20 i 804k B 1 |
VR s TR I WK g E

(2) PEAKIMERES): Amadori (b EWRESBHE T O EMSEE 7F#S, FHE
PEN B 2 R, BN Bk R 1LEs (ACE), ACE BiE PR3 o2 R EUE =,
glEmE g, 6] ACE Bt 2 & s IR T M EE 7. Zhou FEANYT T Fru-His X}
ACE [Pl v & HAE AL, UERA Fru-His BA RIFH ACE #iH/EH . MR T
317125581, Fru-His & — Mg G 40§55, Fru-His 18 S8 58 ACE, FF5EMEAL S
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BB T AR HAE 0,

(3) PLRAEST: FEARPN ARSI FE A, S&hi A8 = W ik B AT LA 5 SARE s N AT
PIHIZ0AE T, Oh S5 ABYRIE, 7F DSS S ML K, Amadori (L EHIRRIK T
B4l e TNF-o 07245, JF R T Caco-2 ZHlig A IL-8 A1 IL-1P ) mRNA F&ik. Zhou
2 NS ST Fru-Arg X g 220 00301 /N R BV-2 /0N 57 200 1 70 80P R 48 8 i S S 1)
YEM . BUREY], Fru-Arg 7] LLEE GG 208 55T 00/ R BV-2 /MR B4 i 1 — %Ak
R A, RN Y 5 A N O () 22 Bl B R )RR, kS IR 2 BRI BV-2
ST D ) A 8 90 S

Rphhil it P S A FE RIS ER MR, HR2mERM AR, XN Amadori
AP R K IR AR, FFRRE, REAAREAEZTWERCY, g mn TidE
RAEMRZ H5RNMERN, SR HEEEREZEKRR I EHOATT, B KRR
XM Amadori 446G W2 T Re R s BLE PR AV LA S ARV L G Sl IS % 0
B AT — PR .

1.3.2 1R AR i

IR NAR I — P OR Y SOBE, W WIS 2 ST AW AR K 22 RS 4R/ 42 5 S E
MRS, (Rt TIETERR, U RN R S AR, KRR R . AR
KATH WS K, AWK, o TiE. 223 IR, AR gk
WG YT 7 S E I, X BRIE YT FR AR WK SR AW AT IR YT, anAR S
DE L RPIGE IR AR WIEVR T R TR M WK BEAT IR T, AT SO AT
WIRER, W RUHRHIE VR 710,

B 25 5 B 05 /b WA S I W Uk 2 s IR 250 . DUAE R . PUREW) . P
G107, BB . Wk B B A CELEE T MR AR RS2 s T A B AR A
PR LR BB R U EAT R DUAEER S PUAZGW 2 3T b 4 B AN N R S A1 Jo AN 50 S 40
SIS R WK ) DR SRR T o AR PR 2 A m] ARp R, S B I T 1 R X ) 52 A
25 B ARSI R A 1, (ELEAE RS B v o 24 S B S SR 25 T LA 2 MR 58 ez U
sl RIER, MRS, EHASE P,

NITREAZ 25, 2 RSV RAE BT L T R R M. JE5Rah¥mT A
TRSIZWARA, (HIFEGYIRFER R, K AN KA DNt r] T 25T
AR, HARCRG, BT ORI E 98 . 5 A I 1 A AU B, A2
W FEURIAEOS . BRI SRR D SR UK B A R AR 51 %, AR R TR
Wk, HAEUK G N RO B e A, SR Z I, R BRI &
JRASAR R HL {7 AT A DL A, BE AR 5| iR A PR T 22 4, [ A A 22 1
FIT 1B 0% 25 25 S rp 20 90,

P LRI SR AR N AR HER B 2 M T3, M 2L 2 S F 0 i R <GB A, TR
B RER R M I 2 T 2, p Wi, Ul MR RE S ) Bt PR 73

Q
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38 22 3847 R DR3P 2R 10 R IS0 22 6 R O K ER 32 4 TR B e W B L, DRI
ZLHEH B N PR AR SR S R4 AR,

1.3.3 YEFHHE 5T 5 i

it = A, T DARK R e 25 2 A3 T BB E, B - 2D, B D8 v o If
DRI S AE K R B DA SR i i g ot o Wil A 5 2 FEEAT S BRI 2, 50 98hE & s <3
TR 2 RS2 A, ORI RIS AETY, [FR, W ERE, A5
W, PR DR IR AT 32 SRR SR AR AOE b, RRERER SR, A
37 i it

RNE T ZA RGP FH LA g5 R, H A RHARZ 8 (LPS) 153 S Ml
FISNPRETY, i 2 0 51 RS 0 28 5 IR P38 . Bl S5 M SR R AE , T 9 2 % T il
HAAE s 2 . SRR T A TNF-a. IL-6. PGE2, M TNF-a A] 5 2 E0E
IL-6. PGE2 55— RFNHM T K RYEN -4, B &AL RTER N . B 7K ITVT
Z 2505 H R A B2 P TNF-o 5 IL-1B & EEE M A PR GE 103, k0% 2459
AL R SONE PR B e SOREARARIRIE, SR MR IR A ORE IR, ek /b i i Uk
S FHOR B AR VY. Xiang 55 AP LPS 5 50 240 45 /8 ROV 3846 DL
BEIERZ . AEFCPAER . RIL TR QR4 4y 38 B AR T S0 M e v e V1 1 240 P
HH R i DL R iR 28 L R S 3R B R 4R R - (TNF-o0 A IL-6)

14 SBEFRS5E X

FLEEHA (1AL, FIERL, L ALEE) KA E I B B A e, B AR
1B, bz Thae, SRV A EF DI (HEALE o OB M By
HMARAEW, FREWNITERD, B EFRYES IEZIEMDRER R RANE .

FEMLEREGUEACRE I, RAPUEAIER S S 0. 4845 C Flr s
BN, TN T AR R SRR AR N BB I Dh e A AE VR, B RTIR A E BT
HERVE R R RLAE P UL DTk . BT DL BRI, NSRS RE RE R, e
AT VPN TR, ARSI T AVE FERVE IR L s, B AR UALVE R AR
BN SRR R, TR T 28 thiE I A3 B o AR I S8 hr A Bk AL
BERNIER, EHERG o Ea 2 Hgur s BA DReER) Amadori (W&, &
BALE F IRFIE Amadori (b &4 Fru-Asp, Jf HAR 5T Fru-Asp F1ZhgeNE, BIEHTELL.
I ACE BREPE 15 B8 R 22 A il 0 2 RE 77 T B B I /0, H B9 K Amadori L&
YIAE RIEIR ST v BB FH VG

#3713 M Amadori (&) 5-HMF MR IEBLIZ AN T77%, LA N Amadori &
Y&, WAOBEFEYR S-HMF AN Hir, SRLE I TT T2, RE R K
PR A= SO OR B AT B8 70 o s 0 1 251 4 1) B i B8 1647 ) e o0 A0 1) R A F s 0

il
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ST EREHATILE . Amadorifb &4, 5-HMF HI P I A FRUAS I 7 32 ] AR FH T34
B AP ER M SERMIE, DB SN A kR R .

1.5 EEHANE

(1) BBWRGSFEE IR K IRe Al . A AL EIRA L FR4EE R CL £
Wy BN OJERE. SEEER . RhAE N EE SRS B, LR 4 FhRAE A S
PUAALTEFRFR AL, AT AN AV TR A BLE Bt A A B T B DTk

(2) Fru-Asp KA G HRETHREN L. & BROFAMEYT HRERETR Asp XA
Amadori &4, B Fru-Asp, P38 i & R0 AR 5 6 DY AROFE AT I Ta] 5T 1% B FH AX
(UPLC-Q-TOF-MS) S5#ZHiIEHE (NMR) Xf Fru-Asp HHAT&5 M4 . MU RS
PEFEARIINR . 1 ACE BRE R SC5e . S aese 56 77 I vFAl Fru-Asp $i%E k. #t ACE B
WEMEL abRE . TR

(3) 13 Amadori &%) 5-HMF FNPME IR (1 78 1 2 SA . AR 4 AL s L R
oy Mg s bel, @SB A Fru-Asp fEN . 3£ 13 FF Amadori 16 & #1#) UPLC-MS/MS &
BRI 7%, 5-HMF AR I Bk A%t % ) UPLC-MS/MS #:l & & . FIFZ 715 6 fh
HERLE TR Amadori b &4, 5-HMF F1 7 475 Bk 3k 4746 00 o

(4) BEH& TZMMmA. 2B BUn TR, @ik oEmE . R E
R IR R, HEORE &N ELE T Amadori (L& 5-HMF & BRI, LB
Amadori 54 5-HMF FgHER T, B BRI ARAE N TR T 2S5, 15
A = Amadori EYIAK 5-HMF HIBYE, D@l E i, BIRE A 22 XK

(5) HEIZLE S HERENEGA . i 638 M i &35 i sh e i o
CEFY . 8. Amadori fb&#0. S-HMF). KAMNUEALBE IR B V5, 45 Aok
T, UESERYE AN E T AU S AA AUR  Amadori G B/ BRI WO B S
SETIZLEIEZRE ), By 20 HEIA#L 5 S50 25 42 H I 3L E 145K e

_| HHREFRES. & !

EERE B BEERIE
mL ! SR
T
| . =l 2| | et
| empsTaE HES | = (=] |8
Fru-Asp | Amadori
! A
Fru- — : {’tl:l% ;'_J
Asp A {E5-HMF
I < TR
. ACEHDHEME
T —
%
. . 1
— | W | | BE =1 ~1
e : ais | | | | o | ]
| 1
L] il 217 13f#Amadori
Fik AR

F 1-1 WFR AR RS 28

Fig. 1-1 Research technology route
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21 MRS &

2.1.1 #HRL 5 RFH

A (FEZHO WT g, M ERERA MR FEE . 1L RRIE
TG~ WARERE M. BB I RR S AT . L-RAZRH  (Asp-KD M
R iEI AR (FEAEED WL, D- (+) -EKE & (Gle). L-REER (Asp).
BREALER . SIER. BRI AWM. BIREM. KO . KmaseT EZ
FIRAAR LA (PE B, MERKEREIE (ACE, EC3.4.15.1, KIET %MD,
LPS (EZHE, KWaFFHE 0111: B4) FIMHLZEKFAE T Sigma-Aldrich A& (EE),
Dowex 50WX4 S B A2 HM g (200-400 HD T Bl RIBEFHAERAR . /MR
MR SRFER T o (TNF-o) FIEAE 1B (IL-1B) A& T Figmemt A MR A TR A ) .
13 Fpafi iy Amadori tb &%) (Fru-Asp. Fru-Glu. Fru-Ser. Fru-His. Fru-Gly. Fru-Thr.
Fru-Arg. Fru-Ala. Fru-Val. Fru-Met. Fru-Phe. Fru-Leu. Fru-Pro) HIZAS25& % H .

2.1.2 SEEE)

70 H SPF 2% KM /IR, R 18 g-22 g, MEMES, WAEET AR (R0 EHEAR
AIRAT GRML, ED. %NS T 2 C IRV R K2R S0 sh W 5 sh W4 F S
FRASHHE (45 IN. No.20220430k0661130[139]). FifashfEF# sy H K. E bR
ISR TR FE N . SEESHT /N BRAEN IR N 20°C-26°C AHA IR E A 40%-70% LA 12
h FIEREIEIR (OBRE 8: 00-20: 00D SIS AN H O BE B IR 5 N & B 1AL 77 7 de

213 XB 5 &

PEVTHL, JYL-C50T B, J"AREREHBMARAR: S AHEE LIl CenLee
16R B, WIEGIL R ARG R AR s RN WA LT, UV-2802 &Y, LigILJER]
IS HBR AT BRI, 2E[E Molecular Devices AT ; #EAE IENEEs, KQ-100E Y,
R EAERACR A IR AT 8 S SR R B DU AT R A, SR Waters A
Al WERZAKRAL, RV &Y, fE[E IKA AF; fERZE, HL-2S &, P raiEs
HIRAT; EESNHSWESS, BSZ-100 B, Ly aanricss) FIRA; 400MHz
ML EARIE T4, AduancelllZY, EEMEWAIRAT; £ H@KRERRG S, L
—ERHEA IR AT KEEAL, FA-ST A, :E GBX AH.
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2.2 SRR vk
2.2.1 BLBEE SRR

2.2.1.1 FE | AR

AUB R TZHAT AT SRR W — T W — AN R M — i Y — YRR —
e BUHEKVES, ERRW. R FEATEES, BRI, AP,
MEIFH 100 H e o2 At i€, 5 5000 rpm 20 15 min 38134 EMEE 100 mL 54
ET 150 mL BJEFENR, 7E 100 mbar TN, AR 2 KAE 90°C R In#ak i
20 min-120 min. 58 BURAE G R R SOE SMRE, 4°CHA S .

2.2.1.2 K & EKE

MENEFKDEE, BHEsmll2 K ERMRNEEREATE. TTERD
PREUFESL 2 g ity (4% 343D, 7E 105°CBRTIEAE h T 4 h, BUHPRE, 42T 1h
ZREMIEE. MR R R SEEE R ERNZRCARE R SRl &E, KR
B5 5T R ENIVEE K EE (%),

2.2.1.3 1B E R E

28 GB/T18963-2012 (IR HRITY LU0, DIEE-F/RIES AR, 7E 440 nm
AL B R REAE S AR AR R

2.2.1.4 2B E

X Hl Folin-CiocaLteu Lt aykillsg 248 #E 0 S mr & &7, FR A& FER NARE S -
FruEh R BOHI1E: 2B 0. 0.1, 0.2. 0.3, 0.4, 0.5. 0.6 1 0.7 mL & FE A HEVETR
(0.1 mg/mL) T 10 mL MJAEEMF, MEBTF/KE1 mL, EAEMA 0.5 mL K5
A, & 1 minJ5, WA 1.5 mL 20%BkERANER (wiv) R ZEEFKER, B
JE TR TR 1h, T 760 nm FIIWEOGIE, Zehilbrit k.

PRt 2 A0 y=5.1771x+0.0643, R?=0.9915.

y—hrAE S AE 760 nm R ISR B

x—HRAE S R, g/L.

FESPOIE . WERRFREZLE MR | mL, %08 _E3R 735 760 nm AR OEE . 7
FTIE 3o &5 FARNARAE IR 15 H AL B RS R

2.2.1.5 FEERH KN 2

ST 5 SR AR B RN, BRUER T . AR RTZR I HIE . HERRIREX 0.
1. 2+ 3. 4. S5mL /™ ] FrAESMER (0.1 mg/mL) 435 & T 10 mL L5/, I 0.3 mL

1N
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(1) 5% L AERRAA (v/iw) T2, B 5 min J&, 4 0.3 mL [ 10%F4bEa (w/v) IINENAE
W, N 6 mine ZRJE, I 4 mL 1 mol/L E AR S5, e 1 E T /KELEM
N10mL. JRAEWIFEEIR T RN 12 min, 7€ 510 nm ARG, 2flbrvE 2.
FruE 2 A0 y=1.1558x+0.0038, R>=0.9995.
y—FRUESLE 510 nm R IIAS IR O6BE
x—hRAE S IR AL, g/Lo
FESOME . WERRFRELE RPN | mL, 3% B3R5 EM5E 510 nm AW 6(H . “FAT
ME 3 W 25 FANIRAE L 15 H AL E ORI IR

2.2.1.6 EA BRI E

K2 0 G-250 BetikE g el E e . B R RR 6 AN R
FE, N5 mL % sl HIXEES, W& 3 min. 7£ 595 nm & NEBROGIE,
Z I A e S

e A y=0.0052x+0.8657, R>=0.9939

y—FrUESRE 595 nm RIS EOG

x—hRAE AL, pg/mL.

ALE M E: WHELERAN 1 mL, % EIRJTENELE 595 nm AW EE, 51T
W ER EIRE

2.2.1.7 #4EEK C WlE
KH 2, 6- EEEyaENE T B R4 R C a8,
2.2.1.8 B EHERIIE

W JFHEI E R 3,5- A K BIET . ks %A 04 0.24 0.4, 0.6. 0.8, 1
mL i & AR 2 g/L), #MEZEEFI/KZE 1 mL 5, SO 2 mL DNS K7, BEJE 0
KRS 2 min AT R RMNEEHAE, BANE BB T KERLAEEY 10 mL, 78
540 nm AWEROGAE, LeflbriEti 2.

PrefEfh e A0 y=5.8567x-0.0438, R?=0.9991

y—hRAE S AE 540 nm T IS IO

x—hRAE IR EE, /L.

FUERIME: WIALEMBR 1 mL, JIA DNSFH) 2mL, % EIRJ77kME7E 540
nm ABOGE, 5 HAVEILER SR

2.2.1.9 IR EER I =

K & FE TR 7 W ASCI 58 4yt Hh e B & FE R 1Y S S R R0, B = S O R MR
IR N 5% (viv), THEATHEM .
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2.2.2 Fru-Asp HIfl & 58 ¥
2.2.2.1 Fru-Asp L &K & R

TEK AR Z i %6 Fru-Asp®l, Asp-K (B, 1.7120 g, 0.01 mol) F1%] %] B
(3.6007 g, 0.02 mol) Z;AHIFRKEE, FRJEIIA 40 mL 2K £ 2 5EE. F 6 mol/L
A B BN K IRV pH AR 2] 7.4, PR E] 100 mL BREEH A, 3 FH et 28
RALAE 100 mbar FIVEE 24 T BL 90°CHI# 60 min. )5, HRALRIZEVKKHFAHE,
F 40 mL [ B 4E /K 5 HT 5 -

2.2.2.2 Fru-Asp & ¥ 2k,

Fru-Asp F14i46 R Zhou %6 N 7538, FEHT T — 48 R H Dowex 50WX4
AT S N B R G 7 B Fru-Asp. TR R HFER R S5,
B 1L ZETKEEM, AR AR . M. Fru-Asp. RREEHMS
WREEAT 4, FERIRE IR MR &M, 285 0.2 mol/L & /KIFEATHEML, FEH]
TTC (2,3,5-=RIEEFALIYEM) 47K, Wdk TTC FIYE RN ZH 5y, 5 10 mL BEMLHK
WA — AL E .

K PR €03 28 KOG 2 (HPLC/ELSD) #F— 5 A frik &£ d 2y . Ho,
HPLC-ELSD R &S 7 2010 777509, @it Asp brifE 5h 6 g (R b, )
W7 Fru-Asp B E], &35 R&E Fru-Asp VeI, @i SR TEREBRZ R
KK, BEIAERAK, 1HE Fru-Asp %,

4k J5 Fru-Asp 19810 A KXW T

K

. ) 4tk J5 BT 3 Amadori 14 &) BE /R &
PAN =} R — 0
Amadori b &WIEHR e <100% @D

2.2.2.3 Fru-Asp i) UPLC-Q-TOF-MS 27

KA1k J5 1) Fru-Asp BCE K 0.01 mg/ml 3K B, F£H UPLC-Q-TOF-MS i#—
YE . MM EGRER N BEH Cis (1.6 pm, 2.1x150 mm), JzhHH A £ 20, B2 0.1%
HIRKIE W . B RA ESIHIEE FH S, BAESHSHEBRCRRiERL,
MassLynx #5450 #4247 70 fr Ab 2

2.2.2.4 Fru-Asp . &4 # NMR 417

W4 19 Fru-Asp 265 (20 mg) ¥ MRAE 500 pL (/K. 7E 298 K A1 400 MHz 4%
R, A RIS R S /S 3] 'THNMR 3%, 7 298 K A1 101 MHz /4 F 1533 3C NMR
T, HdEfd ] MestReNova #4 (B4 14.0.0) #H4790#H7 -

19
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2.2.3 Fru-Asp ZhEEHERT 5T
2.2.3.1 HLEAE RN 2

MI5E Fru-Asp (0-10 mg/mL) FIFTAMEE T, FF5HYE H HARFIZE K] Amadori (LAY
B AT LR
(1) DPPH H H1 &5 B 6E 770l &
Z: 8 Herald 5 NPT VEFF AT IE B2, #4 25 pL SBF/FES S 200 pL Hr e %
[¥) 0.35 mmol/L 1) DPPH ZBEFHIRS, iR NEOLME 2 he HABEBRESH, 8
BRI E 517 nm ARG L . B 4K 25 L #E5 5 200 uL ZEER A, £F 517 nm Ab
TR . PR IR (AA) {EFsiE#IZE, DPPH H HILIERREE 1R 77 N umol AAE/L
B
(2) ABTS H HEERREE S B0 E
ABTS H HH:E R AE DR HE Sant'Anna 25 ABSIETIR 0 59, FFmEEBM. Hl&
ABTS HHEBE, ¥ 0.1 mL S 3.9 mL RVIBIRS, ZiE TFEGHE 30 min, [H
JEEPA 735 nm AL EROGE. HPUAMER (AA) 1EFrdEfIZE, ABTS H HEEKRRE
77LA umol AAE/L #£ i3RI .
(3) FeSMiRJEAE I &
FRIE S 5] (R E FeP b JEAE 11101, FRAP i7): ECE 300 mmol/L BE R £ 2% i
%~ 10 mmol/L TPTZ &1 20 mmol/L FeCls « 6HO ¥, 4 Fi& 3 Fhiaw LA 10:1:1 (1
LLBR A (EMBETPTZFe® ). ¥ 10 pl bRk S /R 5/ 2 RS DN 96 FLARH, AT
FLH 0 300 uL FRAP 55, SAJEEZEIR N 2he 7E 593 nm ALMIE RO . FHBLIRIM
B (AA) 1EREZ, Fe b Rae IR A AR MR 4 & (AAE), #4724 pmol
AAE/L B
(4) A B HEER Y RE 7l E
ORAC MIEHRHE Prior &8 NP7 £ 96 FLAR N 50 uL #£50H1 150 puL %t
= LBV (86.8 nmol/L) , #AJGTE 37°C F AR 30 min, fF-FHR-FH. MG, ML
HIN 25 uLAAPH AW (153 mmol/L), 4G, 96 FLBUBABE R H R 10's,
BEAT RGN & . B 1 min WE—RKIEE, ROGBRESMIEERA [, ©H, 6
faee+=+fiz0, FH Trolox fEFR#ERIZ, ORACE LA pmol Trolox/L #f i 7~. FEin ) AUC it
NS WAE

AUC= (0.5x il

f;
L+ 2+
f

£ f; fi1o fi20
; lf—+...+5+...—+0.5x )><2.5 (2)

1 f f]

AAUC=AUC}; , -AUC.. (3)
2.2.3.2 ACE 35 18 A

B4 Yo 2 N5, R B sh AR i 288, % ACE (12.5 mU) 5

12
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Fru-Asp (0-2 mmol/L) 7 37°C N #E 20 min, X FF/KIENTH, WS EANFEWKE
Fru-Asp 18 & Ja I TP 5% 43 1 ACE BEVE o ICsofH R 7n77 42 50%ACE 3 0 1) (R RE Sk
F, @i S th&W 51151520, H GraphPad Prism 9 75,

2.2.3.3 1EZ e

KR UK S NS 77 kA7 /N R 0K 52050 o /N BB T — A3 B B e pf

W, FREET 0.1 mL 25%H92KH 45 so H— R IIZA = B SEE N SO S FF 0 s AR

CANEK BRI T A6 RZ W B 6] D 1 2 min P IIRZ RS . 1B 40 R/NER, BEALSY 9 4
H, FHAH10R. 41 (FAdD) #EE 0.9%4EF K, 42 (FHHEZM4) #E 30 mg/kg
SURBR A VPSS A, 4H 3 AN 4 4y HIVEE 50 A1 250 mg/kg Fru-Asp, Fru-Asp A 222
alifl,, 250 % e JE Al .

AUE PR R (3% 60 kg BUE ARE TR J2& 40 g/d, DMRAEME ST 6 g/ike
mp * d). B T2, L= HHIELE Fru-Asp #id 0.8%, [Hitk, Fru-Asp fIEKE
N 50 mg/(kg my * d)F1 250 mg/(kg my * d). % 20 mL/kg (0.4 mL/20 g) #ATHE B2,
TR—IR, LSRR, RiR%GZ 1 h)a, WEIFICFAZWIE R 2 min A RZBIKEL.
7] — SN B 24 0 S I R AN R g BB AT 0 R, DAZE RN I O RO I ZE
PR AR E o ok FoR . iHE AR T

HEARIIE IS A] (8D =Ty =Ty pins (4)
T wse A/ RB LG IR, T s /)N BRGS 24 HITRZ WIS AR 30
”ZWW\%&B%TEE% (%) :(nl—nz)/nl (5)

A i AN R ZET 2 min PIRZIEIREL, no /NG 255 2 min P9 RZ IR EL
2.2.3.4 R 255/ RSB A S25

50 H/NERBENL N S 4H: Ad. LPS B4, Fru-Asp [ EMEAEL GlE
52233 df2l 3 F4L 4 MHIFED. BEEZAL (1 mg/(kg my) HIZEKFA), H4L 10 H /)
flo Fru-Asp ZHEE A Z9AFFER Fru-Asp, HAMRE S SRR AT E K, #HEH%
2510 do 55 11d, BHYEZGYZHRE I S b ZE KA, Fru-Asp (71 & A A= 20 50 AAE s
VEST 50 A1 250 mg/kg Fru-Asp, ARG RS FARRP ALK 1ha, BEAd
Ab, BAHBRENEES LPS (10 mg/kg my). SR EEMFIE IR IEIE An 25 B
W AT

WG 6 hE, FHS RN BRIFALTE, R ER M s, WS AP Mk AL, &
LA FLRE, DEZIKA PBS 220 R 18 i 22 M, 45 31 5 A58 il 96 V8 vk R
(BALF) PO, & FELE, [EUCRBET 80%, 2.0 5 EiE W T-80°CIR-AFE: i N4
M B BT 4% RPREEE WA S, fl&AamEY R, IR (HE) 4eth, b
B TS H IR KM BCA G &EN & BALF i HIKEE, K ELISA i

1A
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M E BALF A TNF-a I IL-1B IR, R4 T, FRE, SRJELE 60°CHIKEFE F
E 72h, PSS TE, 1HEMEE/TE (WD) .

2.2.4 Amadori #b&¥). 5-HMF FI 75 15 Bk RS 77 VR B2 ST
2.2.4.1 BEEH Amadori LS IHEEL

50 mL ZLE R o AE S0 N A P 20 min, FHEBIEOEST, £ 5000 rpm %
PEREC 15 min, B EJERAFRI . o FRFHIORE ek — e 55, IR Ve g,
P AT HEEL .
2.2.4.2 BT 13 F' Amadori /44 A 75 2

TERR A TG % 12 F Amadori tb &84, #5713 F Amadori 16-A 47 AL
Jiit. A 13 A Amadori th AP 5 T AN 2> TR MR 2-1 PR,
Amadori b &4l 4 EELE 95%LL E (HPLC-MS), ZJRi%M NMR s irfiEdii, 5
R IE () KA AH — 05,

R 2-1 13 B Amadori t6 &1 731 AN 50 5 i &

Tab. 2-1 Molecular formulas and molecular weights of 13 Amadori compounds

Amadori L&) 7353 FEXS 71 B i
Fru-Asp CioH17NOg 295
Fru-Ala CoH17NO7 251
Fru-Leu Ci12H23NO7 293
Fru-Val C1tH21NO7 279
Fru-Phe Ci5H21NO7 327
Fru-Ser CoH17NOs 267
Fru-Thr Ci1oH19NOs 281
Fru-Met CiiH21NO7S 311
Fru-Glu C11H19NO9 309
Fru-Arg Ci12H24N4O7 336
Fru-His Ci12H19N307 317
Fru-Pro CuitH19NO7 277
Fru-Gly CsH1sNO~ 237

Gy MAEFFRE 13 Ff Amadori LA PIIARE T, FCE R — € IR EREE ] Amadori 14
SR EARHER (8 ppm. 4 ppm. 2 ppm. 1 ppm. 0.5 ppm. 0.25 ppm. 0.125 ppm.
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0.0625 ppm), FET—20°CUKFE T IRAF

R4 2 2 N R4S 5 3 38 57 UPLC-MS/MS Wl 5E 13 Ff Amadori A4 &40 ) J7 1 34
DEAEKBY, B 13 mm*0.22 um K RIEMEIEATIEPEALEE, BEEE 1 pL. iR
F ACQUITY Cis (1.7 pm, 2.1X50 mm); ¥izhtH: A MHRZ 100%40E, B AHZE 0.1%F
/K (v/v), JiIE 0.3 mL/min. HEPEBFEFUITF: 0 min, B4H 100%; 1 min-5 min,
B #H 100%%5H 90%; 5 min-6 min, B A 90%3°A 50%; 6 min-7 min, B #] 50%%% N
20%; 7 min-9 min, B #H 20%; 9 min-9.5 min, B 20%74% N 100%; 9.5 min-10 min, B
8 100%, 3 10 min.

RGN ESIHE R, B PRI 120°C; Aff#EAEE: 20 V; BYEH/E: 3.0
kV; HEFLHEE: 30 Vi JBUAFIS (N2) HAE: 400°C; B UiE: 800 L/h; HEFLS
ME: 50 L/h; FIEJEHEl: 100 m/z~400 m/z; I E: 1800 V. R4k G 5L S Hn
% 2-2 fis.

% 2-2 Amadori tb &4 5-HMF 178 J5 Ik i 1) i 1% 250
Tab. 2-2 MS parameters of Amadori compounds, 5S-HMF and Acrylamide

%y HEFLHLE(V) fli i e & (e V) RESSF (m/z) EEET (m/z)
Fru-Asp 20 10 296 296 — 278
Fru-Gly 15 10 238 238 — 220
Fru-Ala 15 15 252 252 — 234
Fru-Ser 17 13 268 268 — 250
Fru-Pro 25 10 278 278 — 260
Fru-Val 18 22 280 280 — 216
Fru-Thr 17 13 282 282 — 264
Fru-Leu 15 20 294 294 — 230
Fru-Glu 15 20 310 310 — 148
Fru-Met 15 10 312 312 — 294
Fru-His 20 16 318 318 — 190
Fru-Phe 18 16 328 328 — 292
Fru-Arg 30 20 337 337 — 114
5-HMF 30 13 127 127 = 109

PRI B 2 22 15 72 72— 55

AT PR e TR R 5 B R (Bl W 25 5 T T W A I 7 V3R AT 7 1 8 E . Mass
Lynx B AT L BT 73 H7
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2.2.4.3 BT 5-HMF 7 1% Bk R I B4 5 3

HERFR & S-HMF FI GBI bR e i, 0 B R — W B P IR S AR vE VR (10 ppms
5ppm. 2.5ppm. 1.25ppm. 0.625ppm. 0.3125ppm. 0.15625 ppm), FF—20°CUK4H+
RAFEH

[FFEA$H UPLC-MS/MS #H T ER. WisltH: A #H 100%Z18E, B AH 0.1%H R
K viv); BEEVERFEF: 0 min-1 min, 100%B; 1 min-5 min, 100%-50%B; 5 min-10
min, 50%-0%B; 10 min-12 min, 0%-100%B; 12 min-15 min, 100%B; MS/MS Ji &0
o4 100-200 m/z, Fig i HAth Z 50 5100 Amadori A& 8 B 1E 2 HOM [F] .

225 FEH & T ERMmA
2.2.5.1 B FiAb B

R WA TEKIEYR, £ R, VIRV, SRRV P, #H 100 H
JERDATILYE, BRESE, KdiEE AT LE 5000 rpm K &L 15 min, HEER

2.2.5.2 /K515 I 2
BUEEAEMIERBIFEN I, B EREEF, & ESFENE, P70 3 %K.
2.2.5.3 KA EERET

BT FH RGN, RS 10 min BUH, WEKEE, MR AR, KoK
FEEEANE],  BUAT AR 2SR K 7035 B AR it o 3 mIERRAREL 3 47 5 g ANEIK 735 JE
ALE TR, MO%S, RIEKSARKEANBN, EREA 90°CHrIKiHH
R4 5 h, WEFRKIIEELE 0.944. 0.899. 0.810. 0.747. 0.666 B %F#E 5+ Amadori 1L
B 5-HMF 2 & FI520H
2.2.5.4 {RIRIE B T

HERAFREL 3 07 5 g AKMIEEEN 0.666 IELE, AN, O%E, RIEKY
ARFWABN, FEFTE 5 h, PFRARERELE 60°C. 70°C. 80°C. 90°C. 100°CH}
FEd T Amadori AL &Y S-HMF &5 & 1281 .

2.2.5.5 CRiB AT TR TR

HERAFRE 3 17 5 g AKPIEEEAN 0.666 NALE, HEANBFEY, O%E, RUEKy
AREHEABN, FIRIEE 90°C, WFRARERTEIZE 2 he 3 hy 4 hy 5hy 6 h IR
Amadori tbL-& Y 5-HMF 5= 1254k o

2.2.5.6 TERMIERRE it
FER R R 4 At F, BL 13 A Amadori th&WE B AR, LIKMIEE
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(A RIRIREZ (B, fRIRISE] (C) NFIEREER, i =KR =K EZRER, 7
1 H B DL 2% A

*2-3 ERIE R

Tab. 2-3 The orthogonal experiments

A B C
7K
IR A5 PR E (°C) LRz ] Ch)
1 0.810 85 3
2 0.747 90 4
3 0.706 95 5
2.2.5.7 WIF LIS

NBAERAL AR AT, BL 5 kg ZONEURL, FERAUINTAF Tl %28, BT
SRR, Il E Amadori (b & IAT 5-HMF & & .

2.2.6 BRI 5 5 4 i
2.2.6.1 FLEEFE M

Ko By, S ERN g 2.2.1 kT,
Amadori &Y. 5-HMF FPIEGEBR A : 1% 2.2.4 7 ERBELYE, MBS ER
f%¥)5, UPLC-MS/MS iEE, 458 LT Eit.

2.2.6.2 FLEHTEAL R
Prafb il e % 2.2.3.1 hiltAT, MESREIRN ng/g 38 .
2.2.6.3 LEREILE

FE MR B2 S E M oKIEZE NBO Ik, 6 1IE RS2 gr kA7 ¥E a8 53 A0 B I AN i
i, BRI 15 AV . BARPERIbRAE WLER 2-4. PEERTEALE 10 g, MOAIEK 50
mL BT, FERESE FIAL EAT DUV, . AR, AZURS EEEE WAL E
KV

R 2-4 BB IRRE bR
Tab. 2-4 Sensory evaluation criteria for pear syrup
i H e (SN
(ERE S ERwEE, ANE 21-25
(2543 BT, TAGRE 11-20
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4 2-4 RUE R VPR B

Continued Tab. 2-4 Sensory evaluation criteria for pear syrup

BgE| Pt 15455

e SRR, R 0-10
(2593

BARRFEES, &R 21-25

aUS BARRBEES, &M 11-20

(2541 AEERAFAEER, SHHMARS 010

M, W Rk

S %*ﬁ%%ﬁ,ﬁ% 21-25

(25 4) SRS, BRI 11-20

BERARESREIERZE, 2 0-10

U HAREIMAER, LHRK, R 21-25

(25 43) HAREFAR, g =l & 11-20

TRRT AR, ARk, S0 0-10

2.2.6.4 FLB IR IZ AR L6

1ERZ SIS 2.2.3.3 ROEAT. ¥ 18 R/NR A 3 4l SEdl (CEEEAO. B
PEZ5PI2H (30 mg/kg SRR AFEVIF ). AHIZLEH (6 gkg), B4 6 R, #% 20
mL/kg (0.4 mL/20 g) FATHEB A, ELS5d. KRG )G 1h, MEHIEENERIE
ZI SRR 38 2 R ) 2% R AR R 2 miim P P R

SRS NI 77, B 18 R/NRIATIY LLHRIAEIR SE8%, 4r ik 3 41, Rl [
o CEFEAO. A (100 mgkg EALE ). HEIZLEA (6 gke), &4 6
R, %20 mL/kg (0.4 mL/20 g) HHATHER 424, #HS:6d. 2564254505 h)5, MEIEE
S LLVETR (0.05%), FEFUNRIEST 02 mL, 0.5 h J5Ab%E, A%, S5EBEHSH
B, BB BNRE, W KO 0.1 mL 1 mol/L E AL, 2 mL 9.9%
FALENEW, R, BB, DEAE 546 nm ATOGIE .

BoE 0. 2.5. 3. 3.5, 4. 4.5, 5 pg/mL WIBYZLIEW, DE 546 nm WOGAE, 6l 4%
Py LT hRuE 2, ArEdh 27 72 v=0.0242x+0.037, R?=0.9931. FHEEMIEOGRE AN th kit
H A& (pg/mL).

2.2.7 BARHT

BEAT 3 IR S, RIS RN NI E S A2 (SD). fiiH SPSS 26. %k
AT ZE T Z 8 (ANOVA), KH Duncan ZJullfE%:. K H GraphPad Prism 9.5
PFHEATAEIE] . MassLynx V4.2 8 fFH] T UPLC-MS/MS $ifs iR AEFN 7347 o
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3ER5TS

3.1 HBEEFRE NS T ReE A

311 FHH R E IR

HE 3-1 TEH, AT EAFENERDM, P EERSEREZ, N
73.75+0.79 g/100 g, X5BXEE NP A—8. MNP EHEZWHEYR, OS5
FEEEHE, Sy & N 134.32+4.75 mg GAE/100 g , #%H8{& &8N 59.35+0.76 mg RE/100
g, 2B EA BERPENMPTIIESER IR, XEVE T 2 W2 e #ET R
AT oEENIERME. FTHESEEEEAN/DE Amadori (L&Y, FIEMHE

N 154.51+8.25 mg BSA/100 g, Vi IMEVT AR AT RERAE T AR (e AE . 13—
BRFFLE N TS R B R B R B, XA (I Z SR A RS AT T e

R 3-1 F P EEEFRMA NG B

Tab. 3-1 Concentrations of main chemical components of pear juice.

=E13%x THE
W JEHE (2/100 g DW) 73.75+0.79
AR E (mg BSA/100 g DW) 154.51+8.25
S (mg GAE/100 g DW) 134.32+4.75
i (mg RE/100 g DW) 59.35+0.76
4e4 & C (mg /100 g DW) 175.48+30.54
Amadori &Y (mg /100 g DW) 4.75+0.16

H: DW R TH,

FHE 3-2 AT4n, A i S SRR A, B8N 13179 mg/100g, HH Asp &
BERKE, SEAN95.36mg/100g, HEEERSEL 72.4%, HIXE Glu. Pro. Val, R
XARTERHMALRTEN HHE UL, RS XIRHESE AP —8. R
T HFVEIN TS AR Asp 2 5 11 SR8 SN

R 32 FUT IR RA N SR

Tab. 3-2 Composition and content of Amino Acids in pear juice

AR & (mg/100 g)
Asp 95.36+2.03?
Glu 6.99+0.09°
Ser 2.44+0.07%
His 1.39+0.02f
Gly 1.28+0.04¢

Thr 2.53+0.04¢

295N
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B3 3-2 FUT RS RAL K S

Continued Tab. 3-2 Composition and content of Amino Acids in pear juice

AR & (mg/100 g)
Arg 1.02+0.02f
Ala 2.87+0.094
Tyr 1.00+0.01f
Cys-s 0.05+0.00¢
Val 4.72+0.03¢
Met 1.13£0.01F
Phe 1.15+0.00f
Ile 1.35+0.01f
Leu 1.58+0.10¢f
Lys 1.61+0.02¢f
Pro 5.31+0.07¢
B 131.79+1.85
H: A=A R R 2 B B EMEZE R (P<0.05) .
3.1.2 BUIRAE B TR 24k

ME 3-1 BJPUE H, KGR R RS E e mis T, BEAT 73.7540.79
g/100 g DW [%%2 24.742.27 g/100 g DW, & JFEHEE 27507 20 min 300, 4-#7 BRI AT B8
FERKCERAF AL A M BUREIR, PIVETERERT Y, BRAh, ZRE SRRV ERE, MM
BRI IR ERE SR 20 min 25, EIRFESMIERER L, SN E R R T8 A
ARG A, AR AL L SR I B AR R

100

80

60

40

20

M JE B (2/100g DW)

0 T T T T T 1
0 20 40 60 80 100 120

W AE I 8] ( min)

K 3-1 BUE IR AR R IE S 1 AR
Fig. 3-1 Changes of reducing sugar of pear syrup during the concentration process

T ANF TR dh 2 WA R EVEZE R (P<0.05)

baE IR 4a it A G m, MKl 3-2 FT LAE H, AlvE YRS A & & AT 20 min 23 TR,
M 154.51+8.25 mg BSA/100 g DW %% 23.724+5.63 mg BSA/100 g DW, 20 min 2 J5 &
BEIG TR, BHEEAKR. EEEET RG> & B FUKME, AR EE
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MPFEARENR, FECEE TR RN A i 8 2 2 1R T 538 506 R AR SR LB SN
DR R Bhadt — 2B R U S A = ont B A sl 1 P

— 200+
=

un

2

= 150
£z
- T
4T o0 40 -
o8
w3
#2041
P
=

0 20 40 60 80 100 120
AR 457 10 1] (min)

B 3-2 LB RS A B R AR L

Fig. 3-2 Changes of protein of pear syrup during the concentration process

I AR T REORFE Z A REEZESR (P<0.05)

H & 3-3. 3-4 0] A, SEAAYEC SR LSRR 2 TREEaHE. ECHEM 17548
+30.54 mg /100 g DW F[%%] 6.994+0.27 mg /100 gDW, FEHIE 96.02%, F&E M
59.354+0.76 mg RE/100 g DW F[%%1] 41.90+0.00 mg RE/100 g DW. [ AEH{AI4E C 1)
Gy Ao R, B BRI R AR A R AR e P, 4E C RANIRE BRERIENEY),
EHASTARREE, St Froln#ud FEsEEmgE C S TR, TR, 4k C
SRR E A m/EH R R .

fill 75 H:(mg (RE)/100 g DW)

ey
W

0 20 40 60 80 100 120
< 4 it 7] (i)

B 3-3 ZLUE RS R B A2 AL

Fig. 3-3 Changes of flavone of pear syrup during the concentration process

E: AR RS2 AR R e R (P<0.05)
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200
150

100+

i (mg/100g DW)

=
E

50

4Eci

0 20 40 60 80 100 120
A b 1] (min)

K] 3-4 BB R GgidFREYE C ARk

Fig. 3-4 Changes of vitamin C of pear syrup during the concentration process

I AR TR Z AR ZESR (P<0.05)

RIEE 3-5, W48 20 min J5, SBEEEERK A 134.3244.75 mg GAE/100 g
DW T [%% 50.24+1.32 mg GAE/100 g DW, AJRERF AR b &6 &K ZWmEYm,
Aaididigfs, WomRY RS TIEEY, X5EFESAIRH AL R K.
WAR 20 min J5, S ESEEIN, WIIEEERAN, X 0T DUER N NV 2 I AR
R, BAAS T 2 MR AL, R SRV R L AR N AT IA RS, i #
AET, - mEmEEitE.

140

-
w
(=]
| P

120+

/100 g DW)

110

S & (mg (GAE)

100 T T T T T 1
0 20 40 60 80 100 120

WA ] ( min)

Bl 3-5 LB IR AR A ) 224
Fig. 3-5 Changes of total phenol of pear syrup during the concentration process

T ANFET RN fh 2 A R EVE R (P<0.05)

WK 3-6. 3-7 i, BEEZRVE INPGRAEN A FZEK, Amadori HL-EY)H 5-HMF 1]
TERENMN. 137 Amadori (LEMIHI S &M 4.7510.16 #2152 639.74139.72 mg/100
g DW. 5-HMF fEJE AR, 25 &EM 0.00+0.00 B4 MF] 1.55+0.02 mg/100 g
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